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RESEARCH MEMORANDUM 

DESIGN AND INVESTIGATION OF A TRANSONIC  AXIAL-FLOW 

COMPRESSOR  ROTOR WITH AN INLET HUB-TIP 

RADIUS RATIO OF ESSENTIALLY  ZERO 

By  Willard R. Westphal  and John W. Maynard, Jr. 

An axial-flow  compressor  rotor  with  an  inlet  hub-tip  radius  ratio 
of essentially  zero has been  designed  and  investigated  in  the  Langley 
cascade  aerodynamics  laboratory.  The  design  specific  weight  flow  was 
45.0 pounds  per  second  per  square  foot  of  frontal  area  at a pressure 
ratio of 1.25 and a tip  speed  of 1,000 feet  per  second.  The  tests 
showed  that  the  design  flow  and  pressure  ratio  were  attained  at  design 
speed  at  an  area-weighted  efficiency,  including  casing  boundary  layers, 
of 85 percent.  At 120 percent  of  design  speed, a maximum  specific 
weight  flow of 46.7 pounds  per  second  per  square  foot  of  frontal  area 
was  attained. 

Low-speed  cascade  data  satisfactorily  predicted  the  flow  turning 
angles  in  the  rotor  at  relative  entering  Mach  numbers  at  least  up  to 1.2. 

INTRODUCTION 

This  paper  describes the,design of  an  axial-flow  rotor  having a 
design  weight  flow  of 91 percent  of  choked  flow  in a duct  having a 
diameter  equal  to  the  rotor  tip  diameter  and  presents  overall  perform- 
ance  data. 

The  advantages  of  aircraft  gas-turbine  compressors  having a high 
specific  weight  flow  are  well known. Since  the  thrust is approximately 
proportional  to  the  weight  flow,  the  thrust  per  square  foot  of  frontal 
area  is  approximately  proportional  to  the  specific  weight  flow.  The 

with  time so that  now  the  compressor  no  longer  need  be  the  largest 
diameter  component  of a jet  engine.  Further  increases  in  specific 
weight flow or decreases  in  compressor.  diameter  are  d,esirable,  however, 

/I specific  weight flow of  axial-flow  compressors  has  steadily  increased 
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since  the  weight and volume of the  engine would then  be  decreased. Also, 
increasing  the  specific weight  flow of the  f ront   s tages  of a compressor 
w i l l  increase  the  blade  length of the  rear  stages.   This is beneficial  
particularly  for  high-pressure-ratio  single-spool  compressors which would 
otherwise have a hub-tip  radius  ratio  greater  than 0.9 at the  rear   s tage.  

The inlet   rotors   descr ibed  in   references 1 and 2  having  an i n l e t  
hub-tip  radius  ratio  of,  0.35 have  performed well at a specif ic  weight 
flow of 40.0.  This  requires  an  axial Mach  number of 0.72 as shown i n  
f igure 1. There i s  l i t t l e   t o  be  gained by increasing  the  axial  Mach 
number s ince  the weight  flow would only  increase t o  43.4 i f  the   ax ia l  
Mach  number were r a i s e d   t o  1.0. Increasing  the  axial  Mach  number would 
increase  the Mach number r e l a t i v e   t o   t h e   r o t o r  and would probably  result 
i n  lower efficiency at leas t   in   the   t ip   reg ion .  

The specific  weight  flow can  be  increased t o  about  45.0 at an ax ia l  
Mach number of 0.765 by decreasing  the  hub-tip  radius  ratio from 0.35 t o  
0.20. In  order  to  demonstrate that ro tors  of very low hub-tip  radius 
r a t i o  and high mass flow  can  be  designed by conventional aerodynamic 
methods with  slight  modifications, a rotor  having  an  inlet   hub-tip  ratio 
of 0.0875 has been  designed, b u i l t ,  and t e s t ed   i n   t he  Langley  cascade 
aerodynamics laboratory. The design  specific  weight  flow was 45.0 pounds 
per second per  square  foot of f ronta l   a rea .  The effective  hub-tip  ratio 
w a s  0.2  after  allowance was made for  the  blockage of the  blade  roots. 

This  paper  describes  the  design and the  overal l  performance  of t h i s  
"pinwheel" ro tor  as determined by t e s t i n g   i n  Freon-12. The design  data 
presented  are  for air. The performance data  presented were converted t o  
air equivalent  values by increasing  the  veloci t ies  by the   r a t io  of the 
speed of  sound i n   a i r   t o   t h a t   i n  Freon.  Since  there i s  no whir l   in   the 
entering  flow,  both  the  angle of  a t tack  and r e l a t ive  Mach  number can  be 
the  same in  air and Freon at a l l  radii. For the  low pressure  ra t io  
involved,   the   difference  in   the  total-pressure  r ise   for  air and f o r '  
Freon is small and has been  neglected. 

SYMBOLS 

AT/AL r a t i o  of minimum width  of  blade  passage t o  width  of  entering 
stream  tube 

we /Af equivalent  specific  weight  flow,  lb/sec/ft2 of f ronta l  
area  a t   s tandard atmosphere inlet   conditions 

M Mach number 

P total   pressure,   lb/sq f t  
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P s ta t ic   pressure,   lb /sq f t  

U rotor  speed, f t / sec  

P flow  angle measured  from axial   d i rect ion,  deg 
> 

e flow  turning  angle, deg 

vT 
adiabatic  efficiency  based on measured temperature  r ise 

Subscripts: 

1 entering  rotor 

2 leaving  rotor 

3 leaving  s ta tor  

R r e l a t i v e   t o   r o t o r  

S s t a t o r  

DESIGN  CONSIDERATIONS 

Design  of Pinwheel-Type Rotors 

The aerodynamic design  procedure  for a pinwheel-type  rotor i s  not 
grea t ly   d i f fe ren t  from t h a t   f o r  a ro tor  of higher  inlet   hub-tip  radius 
r a t io .  If there  i s  no swirl i n   t h e   i n l e t  flow,  the  flow  conditions a t  
the   ro tor   ex i t  may be  found  without knowing the  change  of rad ia l   pos i -  
t i on  of each  streamline  through  the  rotor. The greatest   difference i s  
in   the   g rea te r  change of hub radius from i n l e t   t o   e x i t  of the   ro tor  that 
is required  for  the same flow-area  contraction, assuming the  outer  case 
i s  not  contracted. This l eads   t o  a greater  slope  of  the  rotor hub and 
inner  case  contours. The  minimum chord  length of the  blades and  hence 
the  axial   width of the  rotor  are  often  determined  by  the  desire t o  keep 
th i s   s lope  from becoming excessive. Also, the  terms of the   rad ia l   equi -  
librium  equation  that  contain  the  slope and radius  of  curvature  of  the 
streamlines may be so large that they  cannot  be  neglected  in  calculating 
the  vector  diagrams. 

The.flow-passage  contraction must be  great enough so that the  tan- 
gential   velocity  of  the  rotor hub a t  the  discharge is  a reasonable  value. 
If the hub diameter a t  discharge is too small, t he  change in   t angen t i a l  
velocity  across  the  rotor,  and  hence, the  tangent ia l   veloci ty  entering 

$ 
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the   s t a to r ,  must be  very  large.  This  high  velocity  can  be  reduced by 
lowering  the  design work input at the hub of t he   ro to r  as compared with 
that at  the  t ip .   This   implies   that  some l a t e r   s t age  must have a higher 
work input at the  hub than a t  t h e   t i p   s i n c e  it is usually  required  that 
there  be no large  radial   gradient of to ta l   p ressure  at the  discharge of 
the  last stage of the  compressor. 

The shape-of the  hub contour that is  used t o  achieve  the  flow- 
passage  contraction becomes  more' important as the  hub-t ip   ra t io  is 
decreased  and  the Mach  number increased. The shape of the  hub contour 
through a pinwheel ro tor  no doubt has a considerable  effect on the  per- 
formance  of the  rotor   s ince  the  radius  change is large and the  curva- 
t u r e   m y  be  considerable. This i s  pa r t i cu la r ly   t rue  a t  flow  velocities 
near  sonic. The flow  pattern i s  very  sensi t ive  both  to   area changes 
and t o  streamline  curvature.  Unfortunately,  there i s  no three- 
dimensional  design method by  which the optimum  hub contour for   the  
transonic regime  can  be  calculated  properly,  and i ts  select ion must 
be  governed  by  such common-sense considerations as keeping  the  curva- 
t u r e  as low as possible. 

Design  of the Pinwheel and Stator  of Present  Investigation 

The primary  objective  in  the  design of t h i s  f i rs t  pinwheel rotor  
w a s  t o  ensure that it would accept  the  design  specific weight  flow of 
45.0 pounds per  second  per  square  foot of f ronta l   a rea .  The design 
pressure  ra t io  was chosen just  high enough t o  enable  the  following  sta- 
t o r   t o   pas s   t he  flow  without  choking at a hub-tip  radius  ratio of 0.35. 
A to ta l -pressure   ra t io  of about  1.25  appeared t o  be  suff ic ient .  This 
enabled  the  blade  sections t o  operate a t  conservative  loadings. The 
design was somewhat influenced by the  character is t ics  of the  closed- 
c i r c u i t   t e s t   r i g   i n  which th i s   ro to r  was t o  be tes ted .  A t  the  high 
specific  weight  flow of the pinwheel rotor,  a pressure  ra t io  of about 
1.35 i s  required  to  overcome the  losses   in   the  tes t   loop due t o  duct 
turns,   cooling  radiators,   venturi ,  and so forth.  Since  the  pressure 
r a t i o  of the  pinwheel was t o  be  about 1.25, a booster  rotor was neces- 
sary. For the  sake of expedience,  an  existing  rotor w a s  used as the 
booster  rotor.  In  order  to  ensure good performance  of the  booster  rotor, 
it was specif ied  that  i ts  incidence  angles  be  the same as  those  for 
which it was originally  designed and that the   r e l a t ive  Mach  number be 
no higher  than  in  the  original  design. These conditions  required  that 
the   rad ia l   g rad ien t  of work  done by the pinwheel  be somewhat greater 
than  otherwise  necessary. The f inal   design was f o r  a total-pressure 
r a t i o  of 1.31 at the   t ip   sec t ion  and 1.18 at the  0.35-radius-ratio  sec- 
t i on .  A t i p  speed of 1,000 feet  per second was selected as a compromise 
considering  blade  loading and blade  relative Mach numbers. 



Selection  of  vector  diagrams.- In computing  the  vector  diagrams, 
it  was  assumed  that  the  flow  was  in  simple  radial  equilibrium  between 
blade  rows. A polytropic  efficiency  of 0.85 based  on  stagnation  condi- 
tions  was  assumed.  The  radial  variation  of  entropy  was  neglected. No 
allowance  was  made  for  boundary-layer  buildup.  An  effective  inlet  hub- 
tip  radius  ratio  of 0.2 was  assumed  since  it  was  felt  that  this  would 
be  equal  in  area to the  sum  of  the  frontal  area  of  the  actual  "nose 
spinner"  and  an  equivalent  frontal  area  due  to  the  blockage  of  the  blade 
roots. 

The  vector  diagrams  that  were  computed  with  this  assumption  are 
shown  in  figure 2. Similar  data  are  presented  in  table I. 

Selection  of  blade  sections.-  The  selection  of  blade-section  camber 
and  setting  angles  was  based  on  the  low-speed  cascade  data  of  refer- 
ences 3 to 5 with  no  "correction"  for  Mach  numbers or Reynolds  number. 
It  was  assumed  that  for  the  same  mean  line,  camber,  solidity,  inlet  air 
angle,  and  angle  of  attack,  the  turning  angle  would  be  the  same  in  the 
rotor  at  transonic  Mach  numbers  and  a  Reynolds  number  of 2 x lo6 to 
3 x lo6 as  it  was  in  the  cascade  tunnel  at  incompressible  speeds  and  a 
Reynolds  number  of 0.25 x lo6. The  design  angle  of  attack  was  higher 
than  that  published  as a design  value  in  references 3 and 4 since  expe- 
rience  had  shown  that  transonic  rotors  operated  at  highest  efficiency 
a  few  degrees  above  the  low-speed  cascade  design  angle  of  attack. 

The A6Ihb mean  line  (a  moderate  loaded-trailing-edge  type 
described  in  ref. 4) was  used  for  the  three  outboard  blade  sections  (sec- 
tions  A, B, and C, fig. 3(a)) because  it  was  believed  that  the  portion 
of  the  blade  having  supersonic  relative  velocities  should  have  only  a 
slight  curvature so that  the  velocity  does  not  increase  rapidly  in  the 
chordwise  direction.  The  rear  portion  has  lower  surface  velocities; 
therefore,  the  curvature  probably  should  be  higher.  The  A10  mean  line 
(symmetrical  about  the  50-percent-chord  line)  was  used  for  the  inboard 
rotor  blade  section  (section D in  fig. 3(a)). Since  there  is  little 
difference  between  upstream  and  downstream  relative  Mach  numbers  near 
the  hub  of  the  pinwheel  rotor,  the  surface  curvature  should  also  be  the 
same  for  the  front  and  the  rear  of  the  blade. 

The  16-series  thickness  distribution  was  used  because  it  had  a 
large  cross-sectional  area  for  given  maximum  thickness  and  produced a 
flow-passage  area  distribution  that  converged  and  diverged  smoothly. 
A large  cross-sectional  area  was  desirable  for  the  pinwheel  because  the 
blades  are  driven only at the rear inboard  portion  of  each  blade  and  have 
the  highest  airload at the  forward  outboard  portion  and  hence  require 
considerable  torsional  strength. 



Figure 3 shows the  shape of the   ro tor  and s ta tor   blades.  The flow- 
passage area d is t r ibu t ion  of several  sections  of  both  pinwheel and s t a to r  
were checked on a two-dimensional basis  at cons t an t   r ad i i   t o  be sure 
that no blade  section was choked or  had a too rapid  increase  in  f low 
area. The rat io   of   the   throat  area t o   t h e  area of the  entering stream 
tube is shown i n   t a b l e  I. 

The pinwheel hub was made as small as was s t ruc tura l ly   p rac t ica l  
at the upstream end  and kept small f o r   t h e  first 20 percent of ax ia l  
length of the  blades.  This w a s  done t o  reduce the  blockage of the hub 
and blade  roots.  Since  there i s  very l i t t l e  increase   in   s ta t ic   dens i ty  
near  the hub and a large  increase  in  the  t ip  region  of  the  blade,  it 
was f e l t  that the  blockage of the  rotor  blades would be  reduced by 
allowing some axial   d is tance  for   the  radial   f low  to  occur  before 
increasing  the hub radius. 

APPARATUS AND INSTRUMEXTATION 

Rotor  Construction 

Figure 4 shows the  complete  pinwheel rotor  as tested with  the 
booster  rotor. The blades and the  forward part   of  the hub of the  pin- 
wheel a re  made of phenolic  resin  reinforced  with  glass  f iber.  The 
glass-fiber  strands  extend from t h e   t i p  of one blade  through  the hub 
and t o  t h e   t i p  of the  opposite  blade  in one piece. The s t e e l  hub extends 
forward  only t o  about the 50-percent-chord  point  of  the  rotor  blades. 
Two rotors  were bui l t   wi th   the  intent ion of spin-testing one to   destruc-  
t i o n   t o  determine  the  ultimate  strength of such rotors .  The shaft  from 
which the  rotor  was suspended in   the   sp in  tes t  r i g   f a i l e d  a t  about 
60 percent of the aerodynamic design  speed  for a i r  and  dropped the  rotor  
on i t s  upstream  face. Two opposite  blades  appeared t o  be undamaged and 
these  blades were pulled t o  f a i l u r e   i n  a s t a t i c   t e n s i l e  test  with  the 
hub unsupported. The blades  parted a t  the  axis  of the   ro tor  a t  a ten- 
s i le   load   equal   to  160 percent of the  calculated  centrifugal  force at 
design  speed  in a i r .  The strength  could  probably  be improved consider- 
ably by threading  the  glass-fiber  strands a t  the  rotor   axis   in   smaller  
groups. The strands were gathered  into  four  groups a t  the  rotor   axis  
of the  blade  that   fa i led.  
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Instrumentat  ion i 
ii Figure  5(a)  is  a  plan  view  of  the  test  loop.  Figure  5(b)  is  a i section of the  test  section  showing  the  instrument  locations. 1 

The  overall  performance  of  the  rotor  was  measured  by  fixed  instru- 
mentation  located  as  follows: 

(a) Two rakes  (fig. 6), each  measuring  both  total  temperature  and 
total  pressure,  one  upstream  and  one  downstream  of  the  rotor  as  indi- 
cated  in  figure 5( b) 

(b)  Six  static  orifices  equally  spaced  circumferentially  in  the 
outer  casing  at  each  of  the  instrument  stations 

(c) One  static-pressure  probe  0.060-inch  in  diameter  on  the  rotor 
axis  with  four  orifices 1.1 inches  forward  of  the  nose  of  the  rotor 

Weight  flow  was  measured  by  calibrated  venturi.  The  location  of 
the  rakes  was  found  to  have  a  large  effect  on  the  flow  measurements. 
The  rotor's  performance  had  been  first  measured  with  the  usual  type  of 
instrumentation,  that  is,  separate  rakes  for  total-temperature  and 
total-pressure  measurements  at  the  same  axial  station  but  at  different 
circumferential  locations.  It  was  found  that  this  resulted  in  very 
large  circumferential  gradients  of  pressure  and  temperature  which  made 
it  impossible  to  determine  accurately  the  rotor's  performance,  particu- 
larly  its  efficiency.  Efficiencies  as  high  as 120 percent  were  calcu- 
lated  from  measurements  of  total  pressure  and  temperature  by  rakes  of 
the  same  frontal  area  located 90' apart  downstream  of  the  rotor. 

The  data  presented  in  this  report  are  based  on  total-pressure  and 
total-temperature  measurements  that  were  made  along  the  same  radial 
line  by  use  of  the  combined  pressure  and  temperature  rakes  shown  in 
figure 6. The  upstream  and  downstream  rakes  were  located  along  the 
same  axial  line so that smll variations  in  the  temperature  of  the 
entering  flow  did  not  appreciably  affect  the  efficiency  determination. 
The  flow  path  through  the  rotor  is  curved  enough so that  the  wake  of 
the  upstream  instrument  does  not  impinge  on  the  downstream  instrument. 

The  total-pressure  orifices  were  made  by  drilling  out  the  0.060-outer- 
diameter  tubing  to an inner  diameter  of 0.050 for  a  depth  of 0.060 inch. 
Such  an  orifice  should  give  a  true  total  pressure  for  flow  incidence 
angles of +15O (ref. 6) . The  rake  was  set  at  the  mean  angle  of  the  flow. 

Detailed  survey  data  were  obtained  with  the  instrument shmn in 
figure 6. 
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Test  Procedure 

NACA RM ~57~10 

The  total-pressure  ratio,  total-temperature  rise,  and  weight  flow 
were  measured  over  the  range  of  throttle  positions  at  air  equivalent 
corrected  speeds of 60, 80, 90, 95, 100, 105, 110, and 120 percent  of 
design  speed.  For  these  tests,  the  only  instruments  in  the  airstream 
were  the  two  combined  temperature  and  pressure  rakes. 

Some  survey  data  were  taken  at  design  speed.  For  these  tests,  the 
combined  rakes  were  removed  and  the  survey  instrument  shown  in  figure 6 
was  traversed  across  the  passage  upstream  and  downstream  of  the  rotor 
at  different  times  to  minimize  the  flow-blockage  effect  of  the  instru- 
ment.  The  two  sets of data  were  correlated  on  the  basis  of  the  average 
weight  flow  as  measured  by  the  venturi. 

No data  were  taken on the  performance  of  the  stator  blades  or  the 
booster  rotor. 

RFSTJLTS AND DISCUSSION 

The  radial  distribution  of  total-pressure  ratio  and  efficiency  are 
plotted  in  figures 7 and 8, respectively.  The  measured  pressure  ratio 
at  design  speed  has  a  steeper  radial  gradient  than  the  design  values 
which  are  shown  as  a  solid  line  in  figure 7(e). The  rotor's  performance 
falls  near  the  outer  casing,  particularly  at  the  higher  speeds,  as  is 
usually  the  case.  The  rotor  tip's  performance is not  well  defined  since 
there  is only one  total-pressure  orifice (0.18 inch  from  the  casing) 
that is, in  the  tip-loss  region.  The  next  orifice (0.72 inch  from  the 
casing)  is  completely  out  of  the  tip-loss  region  and so does  not  give 
much  information  on  the  extent  of  this  region. 

The  pressure  ratio  near  the  inner  casing  is  less  than 1 indicating 
that  the  flow has high  losses  and  is  separated or nearly  separated  from 
the  casing for the  open  throttle  positions  at  speeds  of  design  and 
higher  (figs. 7( e) to  (h) ) . This loss region  is  reduced  by  throttling 
the  compressor  as  is  usually the case  where  the  losses  are  due  to  shock- 
induced  separation. In the  case of the  hub  section of the  pinwheel,  the 
supersonic  flow on the  blade  surface  is  increased  by  the  short  radius  of 
curvature of the  rotor  hub  as  shown  in  figure  3(a)  and  is  further 
increased  by  the  increase  in  the  axial  Mach  number  of  the  flow  when  the 
back  pressure  is  reduced.  The  static-pressure  rise  across  the  hub  sec- 
tion  of  the  rotor is low  at  all  flow  conditions so that it is  not  likely 
to  have  an  important  effect  on  the  rotor  hub-section  performance.  The 
hub-section  performance  could  probably  be  improved  by  reducing  the  cur- 
vature  of  the  rotor  surface. 
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The eff ic iencies  shown in   f i gu re  8 are   plot ted a t  the  radius  of  the 
total-pressure  orifice.  The total-temperature  r ise a t  that radius was 
obtained from faired  plots   of   the  measured temperature rise against  

1, 
'h radius. 

A t  design speed  and below, the  efficiency i s  above 90 percent at 
a l l  weight  flows  except at the  hub and t i p  regions where the  eff ic iency 
fa l ls  markedly ( f igs .  8( a) t o  (e)  ) . 

The overal l  performance of the  pinwheel rotor  i s  shown i n  figure 9. 
The total-pressure  ra t io   ( f ig .  g ( a ) )  and e f f ic iency   ( f ig .   9 (b) )  are area 
weighted, not mass weighted,  and  include  the  casing  boundary  layers a t  
hub and t i p .  This  results  in lower values  than  those  obtained  by mass- 
weighting and omitting  the boundary layers.  Design  weight  flow  and 
pressure  ra t io  were achieved a t  the  design  speed. The ax ia l  Mach  num- 
ber  entering  the  blade row as computed from casing  static  pressure and 
settling-chamber to ta l   p ressure  also agrees  with  the  design  value of 0.76. 
This  implies that   the  blades  are  operating a t  the  design  angle of attack, 
of course,  and also  that   the   ra ther   arbi t rary  es t imate  of the  blockage 
of the  blade  roots and the  hub of the  rotor  a t  the   i n l e t  was correct.  
An effective  hub-tip  radius  ratio of 0.2 w a s  assumed in   the  design.  The 
actual  hub-tip  ratio of the  nose spinner i s  0.087. 

The weight  flow  continued t o  increase as speed w a s  increased above 
the  design  value. The highest   specific weight  flow at ta ined was 
46.7 pounds per second per  square  foot a t  120 percent of design  speed. 
A t  t h i s  weight  flow the   i n l e t   ax i a l  Mach  number w a s  0.87. 

The surge  l ine  in   f igure 9(a)  indicates  the  lowest  weight  flow 
attained  without  audible  unsteadiness of the  flow. It i s  not known 
which  of the  three  blade rows s t a l l e d   f i r s t .  

The dashed l i n e  i s  a l i ne  of constant t i p  angle of a t tack  a t  the  
design  value. It shows t h a t  a t  low speeds the  rotor  w a s  a t  a high  angle 
of a t tack even at the  highest  weight  flow.  This i s  a r e su l t  of the  high 
losses   in   the  c losed-loop  tes t   r ig .  The positive  slope of the  curve of 
the  variation of efficiency  with weight  flow f o r  low speeds i n   f i g -  
ure  9(b) seems to   i nd ica t e  that the  optimum angle of a t tack  was only 
approached a t  wide-open th ro t t l e .  

A t  speeds  higher  than  design,  the  angles of a t tack were a l so  high, 
but  not as the  result of the  test-loop  l imitations,  si-nce the  charac- 

I 

I 
! t e r i s t i c   l i n e  i s  very  nearly  vertical a t  the high-flow end of  each  of 
I these  curves. The high  angles of a t tack were probably  necessary i n  
a, order t o  accept  the  incoming.flow  without  choking. 

The peak overall   efficiency w a s  only  about 83 percent a t  design 
speed  and f e l l  rapidly as speed was increased. - 

I. - 
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The r o t o r   i n l e t  and out le t   f low  angles   are  shown in   f i gu re  10. 
The inlet axial ve loc i t ies  were computed from static-pressure measure- 
ments at the  casing  and a t  the   ro tor   cen ter   l ine  and not from a r a d i a l  
survey. The out le t   f low angles were computed from  survey  data. 

The outlet  flow  angles were less than  design  for a l l  weight  flows 
f o r  the whole passage  except at the  extreme  end. The blading  over- 
turned  the  flow  about 2O. This i s  good agreement considering that the 
blade cambers  and set t ing  angles  were selected  solely from  incompress- 
ible cascade data w i t h  no correct ions  for  the change  of Mach number 
from 0.1 t o  1 .O, t he  change of Reynolds numbers from  0.243 x 106 t o  
approximately 2 x 106 or the change  from a two-dimensional  cascade t o  a 
three-dimensional  rotor.  Similar results have been  obtained w i t h  other 
rotors,  both  subsonic  and  transonic,  designed from  low-speed cascade 
data. The overturning is usually  about lo t o  2O.  

The turning angle near  the  inner  casing is greatest  a t  the  lower 
weight  flow. This supports  the earlier observation that the  separation 
at the  hub sect ion is due t o   t h e   h i g h  Mach number flow  over  the  sharply 
curved ro tor  hub ,and not   to   too   rap id   d i f fus ion  on the blade  surface. 

SUMMARY OF RESULTS 

A compressor ro tor  of essent ia l ly   zero   in le t  hub-t-ip rad ius   ra t io  was 
designed  for a specific  weight  flow of 45.0 pounds per second per  square 
foot area and a pressure   ra t io  of 1.25'at a t i p  speed of 1,000 feet   per  
second. The following  conclusions were drawn from the   r e su l t s  of t e s t s  
of this rotor :  

1. The design  weight  flow  and  pressure  ratio were at ta ined a t  
design  speed. 

2. Maximum weight  flow  continued to   increase  w i t h  increasing  speed 
at a l l  speeds  tested. A spec i f ic  weight  flow of 46.7 w a s  obtained at 
120 percent  of  design  speed. 

3. Low-speed cascade data sat isfactor i ly   predicted  the  f low  turning 
angles i n  the   ro tor  at relat ive  enter ing Mach numbers a t  l e a s t  up t o  1.2. 
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4. Peak area-weighted adiabatic efficiencies, including  case 
boundary layers, at  design speed were 85 percent and decreased w i t h  
increasing speed. 

I Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

'i 

1 Langley Field, Va., December 17, 1956. 
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Figure 1.- Specific weight  flow  against inlet a x i a l  Mach  number f o r  
several   hub-tip  ratios.  
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(a) Rotor  blade. 

Figure 3.- Shape of blades. All dimensions are i n  inches. 
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Figure 3. -  Concluded. 
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(a) One-quarter f ront  view. L-8%42 

Figure 4.- Pinwheel and booster  rotor assembly. 



(b) Ful l  f ront  view. L-85443 

Figure 4.- Concluded. 
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(a) Test loop. 

Figure 5.- Schematic diagram of compressor test ins ta l la t ion .  
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(b) Test section. 

Figure 5 .- Concluded. 
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Figure 6.- Instruments. L-91940.1 
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Figure 7.- Variation of total-pressure  ratio  with  radius for several  
weight  flows. 
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Figure 7.- Continued. 
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Figure 7.- Continued. 
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Figure 7.- Concluded. 
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Figure 8.- Variation of temperature  efficiency  with  radius a t  several  
weight flows. 
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Figure 8.- Continued. 
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Figure 8.- Continued. 
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Figure 8.- Continued. 
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Figure 8.- Continued. 
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Figure 8.- Continued. 
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(h) 120-percent  design  speed. 

Figure 8.- Concluded. 



Equivalent  specific  weight  flow,  lb/sec/ft2 

(a) Total-pressure  ratio  (area  weighted)  against  equivalent  specific weight flow. 

Figure 9.- Overall performance of pinwheel rotor. 
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(b) Temperature efficiency (area weighted)  against  equivalent  specific  weight flow. z 
Figure 9. - Concluded. Ln r 
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Figure 10.- In l e t  and outlet  flow  angles  relative t o   r o t o r  at design  speed. - 
NACA - Langley Field, Vi. 




